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The present invention relates to a plasmid comprising spe- 
cifically arranged functional iinits as well as a kit for the 
production of a therapeutically useful protein, a minicircle, a 
pharmaceutical composition and a method for the production of a 
therapeutically useful protein. 

The application of efficient delivery systems for DNA vac- 
cines or somatic gene transfer is desirable in modem vaccine 
design. Therefore many application modes and f omnulations are 
under investigation to ensure optimal delivery of plasmid DNA 
for gene transfer. Examples are cationic liposomes, cationic 
poly-L-lysins , polyethylenamine, polymeric vesicles, naked DNA 
alone and microbial carriers such as replication deficient vir- 
uses . 

However, plasmid DNA used for gene transfer and DNA vaccina 
tion has the disadvantage of carrying an antibiotic resistance 
marker and a bacterial origin of replication which may be shed 
into the environment due to the clinical use. Due to this dis- 
semination of recombinant bacterial DNA endogenous Enterobac- 
teriacae may acquire the DNA leading to replication and further 
uncontrolled spread of antibiotic resistance genes between dif- 
ferent species and genera (horizontal gene transfer) . Therefore 
efforts have been made to overcome this biosafety problem. 

Minicircle DNA for nonviral gene transfer has been described 
which contain only the therapeutic expression cassette. Further- 
more it has been shown that those minicircles besides their ad- 
vantages for biosafety show improved gene transfer and 
bioavailability properties due to the small size (Darquet, A.M. 
et al. 1997. A new DNA vehicle for nonviral gene delivery: su- 
percoiled minicircle. Gene Ther. 4:1341-9; Darquet, A. M. et al . 
1999. Minicircle: an improved DNA molecule for in vitro and in 
vivo gene transfer. Gene Ther. 6:209-18) . Such minicircles may 
be derived from in vivo approaches where a recombinase like the 
bacteriophage X Int integrase, the Cre recombinase of bacterio- 
phage PI or the ParA resolvase recognizes corresponding short 
sequences and excises DNA sequences encoded between them. If the 
origin of replication and the antibiotic resistance gene is 
placed between the recombinase recognition sequences, the recom- 
binase divides the original plasmid into two parts: a replicat- 
ive miniplasmid and a minicircle carrying only the sequences of 
interest. In vitro procedures are also available for the produc- 
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tion of minicircle DNA like restriction digestion followed by 
ligation. However, those procedures would be extremely expensive 
and very difficult to scale up for industrial use. In contrast 
to the in vitro approach in vivo reconibination is siittple, inex- 
pensive and only requires a recombinase to be induced in suffi- 
cient amounts . 

In Bigger et al • (2001. An araC-controlled Bacterial ere Ex- 
pression System to Produce DNA Minicircle Vectors for Nuclear 
and Mitochondrial Gene Therapy, J. Biol. Chem. 276:23018-27) 
minicircles are produced comprising only gene expression ele- 
ments whereby an original plasmid comprising an origin of rep- 
lication, a eucaryotic expression cassette, a marker sequence 
and two loxP sites as recombinase recogrnition sequences is 
trans fected into a bacteria which is recombinant for the Cre re- 
combinase, a bacteriophage PI derived integrase catalysing site 
specific recombination between direct repeats of 34 base pairs 
(loxP sites) . After expression of the Cre recombinase the ori- 
ginal plasmid is divided into a mini plasmid and a minicircle 
said minicircle comprising only the eucaryotic expression cas- 
sette. The resulting plasmid products are subjected to specific 
restriction enzymes which cut the miniplasmid but not the mini- 
circle. Undigested supercoiled minicircle can then be density- 
separated from the linear original plasmid and excised miniplas- 
mid on a cesium chloride gradient using the intercalating agent 
ethidium bromide. In order to test the expression cassette of 
the minicircle within mammalian cells the minicircle was trans- 
fected together with Dipof ectAMINE into the cells. It is men- 
tioned that said Cre-mediated recombination system employed 
resulted in a minimal construct size comparable to phage A, integ- 
rase-mediated recombination which leads to minicircles with 
higher transfection efficiency. 

In Darquet et al. (1997. A new DNA vehicle for nonviral gene 
delivery: supercoiled minicircle. Gene Ther. 4:1341-9) the pro- 
duction of minicircles comprising only the expression cassette 
is described. Here the original plasmid is transfected into a 
bacteriiom which is recombinant for the phage X integrase which 
mediates the recombination of the plasmid into miniplasmid in 
minicircle. The plasmid products were digested with restriction 
enzymes which produce linear miniplasmid and original plasmid 
and leave the minicircle supercoiled which was purified on dens- 
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ity gradients. However, it is mentioned that the yield of unre- 
conibined plasmid was- around 40% of the starting material it is 
suggested to improve the yield of recombination which would have 
to be close to 100% for example by optimizing the culture condi- 
tions of the recombinant bacteria and by overexpressing the in- 
tegrase. 

Kreiss et al. (1998. Production of a new DNA vehicle for 
gene transfer using site-specific recombination. Appl. Microbi- 
ol. Bxotechnol. 49:560-7) relates to the production of mini- 
cxrcles which are produced by recombination of an original 
plasmid driven by a bacteriophage X integrase present in the bac- 
terxa into which the original plasmid is transfected. However, 
minxcxrcle multimers were also produced and coinprised up to 30% 
of all minicircles synthesised. In order to increase the mini- 
cxrcle production efficiency parABCDE- locus from plasmid RK2 
was introduced into the minicircle fragment and a parA gene en- 
coding a resolvase that catalyses the recombination at a mul- 
txmer resolution site in the parABCDE- locus was also introduced 
xnto the bacteria. The parA resolvase together with the parAB- 
CDE. locus lead to the production of minicircle dimers of less 
than 2% of all minicircles. However, it is also here mentioned 
that the efficiency of minicircle production must be further in- 
creased and it is suggested to improve the purification of the ' 
mxnxcircle from unresolved plasmid and miniplasmid 

Darquet et al . (1999. Minicircle: an improved DNA molecule 
for xn vxtro and in vivo gene transfer. Gene Ther. 6:209-18) 
relates to the production of minicircle whereby a method is de- 
scrxbed which should improve the minicircle production ef f i- 
cxency: The original plasmid is transfected into a bacteria 
whxch comprises a gene for the phage X integrase which catalyses 
the recombxnation at the attP/attB sites present on the original 
plasmxd xn order to produce minicircle and miniplasmid. The 
mxnxcircles comprise a gene expression cassette using a strong 
human cytomegalovirus immediate-early enhancer/promoter. The 
Plasmid productions were digested with restriction enzymes which 
cut only the miniplasmid and the unrecombined plasmid but not 
the corresponding minicircle. Supercoiled minicircles were then 
xsolated by CsCl-ethidium bromide density gradient centrifuga- 
txon. It was found that the minicircles comprising the specific 
promoters produced better results with strong gene expression 



oa/oseooa 



f • *' c t c» c o r- o 

I *. n r t «• rr/ o » f 

•• o o o c O C < o<- 

t. (• o o I' !• n o 

- 4 - 

compared to lanrecoinbined plasmid or larger plasmids. 

However, the drawback of the methods according to the above 
mentioned documents is the low efficiency of minicircle produc- 
tion compared to original plasmids. This problem has been dis- 
cussed in the above documents, however, a near to 100% 
production of minicircle was not achieved. Therefore, there is 
the need for a plasmid from which near to 100% minicircle is 
able to be produced as well as a method for such a highly effi- 
cient minicircle production. 

The aim of the present invention is therefore the construc- 
tion of a plasmid which is used in the method for the production 
of a minicircle whereby a high efficiency in minicircle produc- 
tion is obtained. 

This object is solved according to the present invention by 
a plasmid comprising the following functional units ; 
a prokairyotic origin of replication, 
a marker sequence, 

a gene coding for a sequence specific recombinase, 
two specific recombinase recognition sequences and 
a multiple cloning site, 
whereby the \mits are arranged on the plasmid in such a way that 
the plasmid is divided into a miniplasmid and a miniciifcle upon 
expression of the sequence specific recombinase, said miniplas- 
mid comprising the prokaryotic origin of replication, the marker 
sequence and the gene for the sequence specific recombinase and 
said minicircle coitqprising the multiple cloning site. With this 
plasmid a high efficiency in the production of minicircle is 
achieved due to the fact that the gene coding for a sequence 
specific recombinase is present on the (original) plasmid. This 
results in a high plasmid recombination and minicircle produc- 
tion which can reach imder optimal conditions up to 100%. This 
is partly due to the control of the expression of recombinase 
which ensures that the recombination is not carried out too 
early so that a limitation of production of minicircle does not 
occur. A further reason for an increase of efficiency of mini- 
circle production compared to the prior art is the fact that the 
known plasmid containing the recombinase present in the bacteria 
and the second separate plasmid from which the miniplasmid and 
minicircle are derived are often present in the bacteria in dif- 
ferent amounts. Therefore, in the known methods according to the 
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state of the art the production of minicircle is often limited 
by the nuinber of recombinase plasmid. The inventive plasmid com- 
prising the units of a miniplasmid and the units of the mini- 
circle as well as the gene coding for the recombinase has not 
been described or made obvious in the state of the art. Further- 
more, according to the state of the art, an increase of effi- 
ciency was aimed -at by optimising the bacterial culture 
conditions and by developing alternative methods for high copy 
promoters used in the eucaryotic expression cassette present on 
the minicircle and methods for the purification of the mini- 
circle. However, to provide a plasmid comprising not only the 
various functional units of miniplasmid and minicircle but also 
the gene coding for a sequence specific recombinase has not been 
mentioned or made obvious in the state of the art. 

Of course the inventive plasmid may comprise further regu- 
latory or functional units, however, the units defined above are 
the minim\im for an efficient production of minicircle. 

The prokaryotic origin of replication and a marker secjuence 
are necessary for the production of the plasmid in for example 
bacteria. Various prokaryotic origins of replication are known 
to the person skilled in the art who will be able to select ac- 
cording to the bacteria culture, the culture conditions and the 
type of plasmid the optimal prokaryotic origin of replication. 
The marker sequence may be any of the well-known sequences which 
are used for being able to detect bacteria comprising the plas- 
mid or to control the growth of bacteria comprising the plasmid 
compared to bacteria which have not been transfected with the 
plasmid in question. For example antibiotic resistance genes, 
heavy metal resistancies, auxotrophic selection markers, genes 
which produce a substance necessary for bacterial growth, etc. 
may be used. 

The term "gene coding for a sequence specific recombinase" 
relates to any sequences necessary for the expression of the re- 
combinase e.g. a promoter, termination sequence etc. The recom- 
binase itself may be any recombinase which is able to catalyse 
the recombination of the original plasmid into miniplasmid and 
separate minicircle at defined recognition sequences. 

The term "two specific recombinase recognition sequences" 
relates to sequences which are recognized by the recombinase. 
The fact that two recognition sequences are present means that 
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the recognition sequences must be arranged on a plasmid in such 
way that the recombinase catalyses the production of a miniplas- 
mid and a minicircle. Of course, it is possible that the recog- 
nition sequences are derived from one recognition sequence into 
which for example a cloning site is inserted which means that in 
fact the sequences which are. recognized by the recombinase 
should flank the multiple cloning site which will then provide 
the minicircle. Of course, it is possible that the produced 
minicircle comprises at least part of the one and/or the other 
recognition sequence. 

The term ^multiple cloning site'' refers to a site comprising 
at least 2 sites for restriction enzymes, however, preferably it 
comprises a number of sites for various restriction enzymes. 

As known from the state of the art the produced minicircle 
comprises only the multiple cloning site without any of the 
prokaryotic regulation \inits e.g. the prokaryotic origin of rep- 
lication, the marker sequence and without the gene coding for 
the specific recombinase. With this the production of a small 
minicircle is achieved whereby the smaller the minicircle the 
more efficient is the uptake for example in the mammalian cells. 

Preferably, a gene coding for a specific protein, preferably 
a therapeutically useful protein, is inserted into the multiple 
cloning site. Since the minicircle will be mainly used for 
therapeutic reasons the multiple cloning site will preferably 
comprise a gene coding for a therapeutically useful protein. 
However, it is of course possible to insert any gene coding for 
any protein in which case the minicircle can be used for detec- 
tion methods, biochemical pathway studies etc. 

Still preferred the plasmid further comprises a minicircle, 
and/or miniplasmid identification sequence for the identifica- 
tion cuid isolation of the minicircle. The identification se- 
quence provides an efficient way of separating the minicircle 
from the miniplasmid which further enhances the efficiency of 
minicircle production. The minicircle or miniplasmid identifica- 
tion sequence is any sequence which will be present on the mini- 
circle and not on the miniplasmid (or vice versa) and which will 
allow the identification and isolation of the minicircle (or the 
removal of the miniplasmid) . The description below will concen- 
trate on minicircle identification sequences but will be also 
appliccible to miniplasmid identification sequences or to the 
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presence of both, minicircle and miniplasmid identification se- 
quences. This may be a specific sequence which will bind to a 
given ligand so that a minicircle will be conqplexed with the 
ligand after which the complex will be separated from the mini- 
plasmid, cellular components, etc. for example by immobilization * 
of the ligand. 

If the. mixture from minicircle and miniplasmid produced in 
vivo should be separated by interaction chromatography, one of 
the two DNA molecules should have the specific recognition se- 
quence. To achieve a separation, the recognition sequence may 
principally be integrated in the minicircle or miniplasmid. If 
the recognition sequence is integrated in the miniplasmid, only 
the target sequence and the Res-site (the product of the recom- d 
bination between resl and res2 site) may be found on the mini- " 
circle. In this process the minicircle DNA is situated in the 
eluate of the affinity chromatography, while the miniplasmid DNA 
is bound to the matrix (the miniplasmid DNA may for instance 
then be eluted from the column by increasing the termpature from 
<30°C to >42°C; thereby the column is regenerated and a new puri- 
fication process starts) . For the purification of the minicircle 
DNA the eluate should be applied to a following coliomn. This 
coliamn may for instance be a column with an ion exchange matrix 
or a matrix for hydrophobic interaction chromatography, or for 
size exclusion chromatography, respectively, etc. In principle, 
any chromatography process may be employed, which is used for 
isolating DNA molecules. j 

In combination with the immobilization of the minicircle DNA 
and the subsequent protein E mediating lysis this purification 
process provides the advantage that possibly occurring capacity 
problems of the affinity chromatography matrix may be solved. As 
the most part of the cytoplastmatic molecules (including mini- 
plasmid DNA) are expelled into the culturing mediiom during lys- 
is, only a compartively small number of DNA miniplasmids (about 
10%) has to be bound to the matrix. 

According to a further advantageous embodiment the identi- 
fication sequence is a sequence which is able to specifically 
bind to a protein in order to form a stable DNA-protein complex. 
The term "specifically bind" defines that this identification 
sequence may not be any sequence which binds by chance and un- 
specifically to any protein with which it is brought into con- 
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tact. The identification sequence ensiires a specific binding to 
a chosen protein in order to form a stable DNA protein conrplex. 
This identification sequence is able to specifically bind to a 
protein ensures the preparation of the minicircle from the mini- 
plasmid by bringing a minicircle into contact with the specific 
protein to which the identification sequence will bind. For the 
protein DNA interaction chromatography specific DNA binding pro- 
teins are immobilized on a matrix for affinity chromatography 
(e.g. the repressor of Lactose Operon, the repressor of the bac- 
teriophage lambda, or of bacteriophage 434, etc.). The corres- 
ponding recognition sequence as appropriate (e.g. the operator 
sequence of the promoter of the Lactose Operon, of the Pl or Pr 
promoters of the bacteriophage lambda or corresponding sequences 
of bacteriophage 434) is located on the DNA molecule that spe- 
cifically should bind to this matrix. To again separate spe- 
cifically bound DNA molecules from the affinity chromatography 
matrix by temperature shifting (elution buffer with correspond- 
ing temperature) , thermally instable mutants of the mentioned 
repressor molecules may be used. The recognition sequences may 
be separated from each other by a spacer. The spacer sequence 
may be chosen arbitrarily (xinrelated sequence) and serves for 
optimizing the interaction between the temperature-sensitive 
repressor and the corresponding operator. The separation may oc- 
cur by immobilization of the formed complex, by separation ac- 
cording to particle size, e.g. filtration or other methods well- 
Joiown to the person skilled in the art whereby the separation 
method will depend on the protein selected. 

Still preferred said identification sequence is a lac oper- 
ator site which specifically binds to a Lacl repressor protein. 
The lac operator site is a sequence which binds to a Lad 
repressor protein in order to form a stable DNA protein complex 
which then can be separated from the miniplasmid. Therefore, an 
efficient system is provided for the production and also separa- 
tion of minicircles. 

According to the preferred embodiment the sequence specific 
recombinase is selected from the group consisting of bacterio- 
phage lambda Int integrase, Cre recombinase of bacteriophage Pi 
and the ParA resolvase. These recombinases have shown to provide 
good results in the production of minicircles whereby each re- 
combinase shows specific characteristics. For example the lambda 
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integrase system needs the integration host factor for recombin- 
ation, the ParA resolvase needs topoisomerases which are present 
in all bacteria. In order to resolve the recombination coicqplexes 
the Cre mediated recombination system on the other hand has the 
advantage that it results in a very small recognition site for 
example of only 34 base pairs thus producing a minimal construct 
site.. The person skilled in the art will select the optimal re- 
combinase according to these differences and their specific 
characteristics . 

Advantageously, the specific recombinase recognition se- 
quences are selected from the group consisting of lambda attach- 
ment sites (att sites) and resolution sites (res sites) from 
Multimer Resolution Systems . These recognition sequences will 
depend on the recombinase selected so that according to the 
characteristics needed for the recombination system the person 
skilled in the art will select the optimal recognition sequences 
and recombinase. 

A preferred plasmid further coinprises a regulatory element 
for the expression of the recombinase. By providing a regulatory 
element for the expression of the recombinase the expression of 
the recombinase can be either inhibited or induced. This allows 
the expression of the recombinase to occur when necessary. With 
this system the plasmid can be produced in great quantities be- 
fore the expression of the recombinase is induced so that a max- 
imum efficiency of minicircle production is achieved. Various 
regulatory elements are well-known to the person skilled in the 
art and the selection thereof will depend on the host in which 
the plasmid is produced in other vectors . 

Preferably, the regulatory element for the recombinase com- 
prises a strong promoter. This allows sufficient expression of 
recombinase in order to catalyse the recombination of the total 
amount of plasmid present in the sample in order to achieve a 
maximum yield of minicircle. 

Still preferred the regulatory element is a transcriptional 
control system of an araB promoter of an araBAD operon. This 
control system will inhibit expression of the recombinase as 
long as no arabinose is present in the culture medium. Upon ad- 
dition of arabinose for example L-arabinose to the culture medi- 
um the recombinase expression is induced. This is a very simple 
and efficient method of regulating the expression of recom- 
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binase. 

Preferably, the marker gene is an antibiotic resistant gene. 
This is a well-known method in order to select the bacteria 
transf ected with the plasmid comprising a marker gene in order 
to efficiently produce the plasmid in high copy numbers. 

Advantageously, the prokaryotic origin of replication is a 
high copy number origin of replication, preferably from plasmid 
pUC19. As for the strong promoter mentioned above this will 
provide an optimal plasmid which will be produced in abundance 
in a bacteria. The yield of minicircle production is optimized 
by producing a high copy number of plasmid in the bacteria cell. 

Preferably, the plasmid according to the present invention 
comprises an origin of replication in the minicircle. The recog- 
nition sequence for the protein DNA interaction chromatography 
may consist of repeats of operator sequences (e.g. lacOs) , which 
are separated by a spacer. This spacer may consist of any se- 
quence. Preferably, this spacer is an origin of replication 
(ori) for bacteriophages specific for E. coli (for example fila- 
mentous bacteriophages, as e.g. fl, M13 , fd, icosaedric bac- 
teriophages, as e.g. <|)X174) . Such an origin of replication serves 
for the production of single stranded DNA, which may be used for 
the systematic introduction of mutations into the target se- 
quence (therpeutical sequence or sequence for vaccination) 
(Kunkel et al., Meth.Enzymol . 204 (1991), 125-139; 
Meth.Enzymol.154 (1987), 367-382). A further application of a 
bacteriophage origin of replication is the production of a 
single stranded DNA (ssDNA) for gene transfer. With the assist- 
ance of a ssDNA origin of replication (e.g. the above mentioned 
filamentous bacteriophage or the <|)X174 origin) ssDNA of the mini- 
circle sequence may be produced, provided that the origin of 
replication is located on the minicircle DNA. Depending on the 
origin of replication used corresponding auxiliary factors may 
be necessary for producing ssDNA (e.g. protein A in combination 
with <t)X174 ori) . For the isolation of the single stranded DNA by 
affinity chromatography ssDNA binding proteins (e.g. protein J 
of bacteriophage (|)X174) might be used, or ssDNA primer comple- 
mentary to a sequence of the ss-minicircle DNA, e.g. Resl-site. 
The application of ssDNA may lead to a further improvement of 
the gene transfer capacity of minicircle DNA (Molas et al . , 
Biochim.Biophys. Acta 1572 (2002) 37-44). 
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If a bacteriophage origin of replication is integrated into 
the starting plasmid, it will be located on the minicircle DNA 
after recombination. Therefore, the minicircle DNA does not have 
a bacterial replication origin, but an origin of replication 
originating from a non-lysogenic bacteriophage. This bacterio- 
phage is harmless in regard to biological safety, as this may 
not lead, without corresponding auxiliary factors (protein 
factors or helper phages) to a proliferation of the minicircle 
DNA in prokaryotic or eukaryotic cells. 

A further aspect relates to a kit for the production of a 
therapeutically useful DNA molecule which comprises 

- the plasmid according to the present invention and 

- a protein which is able to bind to the identification se- 
quence of the plasmid in order to form a stable DNA-protein com- 
plex, whereby the protein is optionally immobilized to a solid ' 
support. Similar to the kit above this kit comprises a system 
for separating the minicircle from the miniplasmid whereby a 
protein is provided to which the identification sequence of the 
minicircle specifically binds in order to form a stable DNA pro- 
tein complex which can then be separated from the miniplasmid 

in both cases the single strand and the protein, respect- 
ively, can be immobilized to a solid support which may for ex- 
ample be a column, a membrane, a slide, a filter etc. In this 
case the sample is brought into contact with the solid support 
after the expression of the recombinase after which the solid 
support is preferably washed so that only minicircle remains on 
the solid support. In order to produce isolated minicircles a 
further elution step can be carried out. 

Preferably, the protein is a Lad repressor protein, prefer- 
ably a mutant Lad repressor protein. This protein binds to the 
lac operon which can be provided on the minicircle as identific- 
ation sequence. This system, therefore, provides for a highly 
efficient way of separating minicircle and miniplasmid. The Lad 
repressor protein can be a mutant whereby the protein is prefer- 
ably mutated in such way that the binding of the repressor pro- 
tein to the lac operon can be regulated. One possibility is to 
provide a mutant repressor protein which is stable only at a 
certain temperature. Above or below this temperature the 
repressor-lac operon complex is not stable so that the mini- 
circle is detached from the protein. This is a very elegant way 
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for providing a regulation of immobilization - elution of mini- 
circles . 

Advantageously, the protein is fused to a tag for thb immob- 
ilization to a solid support. This allows the use of any selec- 
ted protein since the immobilization will be determined by the 
tag so that any chosen DNA-protein complex may be designed. 

Still preferred the protein is fused to a hydrophobic, mem- 
brane anchoring peptide. In this case the protein is immobilized 
on the membrane of the bacteria which allows the immobilization 
of the minicircle on the membrane. The bacteria membrane can 
then be broken open in order to have the cytoplasmatic material 
comprising the miniplasmid an the original plasmid expelled from 
the bacteria. The remaining bacterial ghosts retain all of the 
structural features of the cell and the minicircles . This bac- 
terial ghost is an excellent adjuvant enhancing T-cell activa- 
tion and mucosal immunity. 

Advantageously, the plasmid comprises a gene coding for the 
protein which forms the DNA-protein complex, preferably a gene 
coding for the Lad repressor protein. By providing the gene 
coding for this protein on the same plasmid preferably under the 
control of the promoter which also controls the recombinase the 
efficient expression of the protein is ensured and it is not ne- 
cessary to foresee an additional way of providing the protein 
for example in the bacteria. 

Preferably, the plasmid comprises a sequence coding for 
a hydrophobic membrane anchoring peptide. This membrane anchor- 
ing peptide may be the protein of the DNA-protein complex or a 
part of the protein or it may also be a separate protein which 
will be fused to the protein of the DNA-protein complex. The hy- 
drophobic membrane anchoring peptide allows the immobilization 
of the DNA-protein complex in the bacterial inner membrane. 
Therefore, once the minicircles are produced they are attached 
to the inner membrane of the bacteria in which the recombinase 
was expressed and the plasmid was produced. The advantage there- 
of lies in the fact that not only the production of the mini- 
circle occurs in vivo but also the separation of minicircle from 
the miniplasmid for example by breaking open the bacterial mem- 
brane so that the cytoplasmic material is expelled from the bac- 
teria cell. A further advantage lies in the fact that the 
resulting bacterial ghost consisting of the cell wall and the 
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minicircle attached to the inner membrane constitutes an effi- 
cient adjuvant so that the minicircle comprising for example a 
therapeutically useful protein can be administered in form of • 
these bacterial ghosts without any further DNA extraction or 
packaging procedures . 

For breaking open the bacteria cell the kit preferably fur- 
ther, comprises a plasmid with an inducible lysis gene and a cul- 
ture of recombinant bacteria transfected with said plasmid 
respectively. The inducible lysis gene induces lysis of the bac- 
teria m order to break open a cell wall as mentioned above The 
plasmid with the inducible lysis gene may be the original plas- 
mxd comprising thus additionally the units for the miniplasmid 
and the minicircle, however, it is possible to provide also a 
separate plasmid either isolated or transfected into a culture 
of bacteria. Since the lysis gene is inducible the bacteria can 
be cultured together with the original plasmid until the suffi- 
cient number of plasmid is produced after which the expression 
of recombinase can be induced. Once, the recombinase has pro- 
duced the minicircle and miniplasmid the lysis gene can be ac- 
tivated in order to separate the minicircle as mentioned above 
This kit provides an all in vivo system for a highly efficient 
production of minicircles. 

Advantageously, the lysis gene is the lysis gene E of bac- 
teriophage Phixi74. This is shown to be an optimal way for the 
above m vivo minicircle production. 

An advantageous kit comprises a culture of bacteria specific 
for the expression and function of the recombinase. Since a spe- 
cific recombinase in general needs specific factors for the ex- 
pression and function of the recombinase, it is more efficient 
to provide the bacteria already comprising these factors instead 
of adding these factors into any other selected bacteria. 

Still preferred the kit further comprises arabinose. This 
will be optimal in the case that the plasmid comprises a regu- 
latory element which is induced upon adding of arabinose whereby 
the arabinose is preferably L-arabinose. 

A further aspect of the present invention relates to a mini- 
circle conprising 

a multiple cloning site and 

- a gene coding for a therapeutically useful protein inserted 
into the multiple cloning site. 
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whereby the minicircle is attached to a bacterial ghost over a 
hydrophobic membrane anchoring peptide. Also for this aspect the 
same definitions and preferred embodiments as mentioned above 
apply. By providing this inventive minicircle a highly efficient 
tool for DNA therapy is provided since the bacterial ghost is an 
efficient adjuvant. 

In view of these advantages a further aspect of the present 
application relates to a pharmaceutical composition comprising 
the above defined inventive minicircle and a pharmaceutically 
acceptable carrier. Due to the bacterial ghost it is not neces- 
sary to add further adjuvants, however, depending on a concen- 
tration of minicircle and the DNA to be administered it is of 
course possible to add a further adjuvant as well as any other 
additional substances usually present in pharmaceutical composi- 
tions, as salts, buffers, stabilizers, colouring substances, 
flavours etc. 

A further aspect of the present application relates to a 
method for the production of a therapeutically useful DNA mo- 
lecule which comprises the following .steps 

trans f acting the plasmid according to the present invention 
into bacteria which are able to replicate the plasmid, 

culturing the bacteria during which the recombinase is ex- 
pressed so that miniplasmids and minicircles are produced and 

isolating the minicircles. Also for this aspect the above 
definitions and preferred embodiments apply. As already men- 
tioned above this method allows a highly efficient production of 
minicircle resulting in a high yield, preferably up to 100%. 
This has not been able to be achieved with the methods according 
to the state of the art whereby the high yield is mainly due to 
the fact that the recombinase is present on the plasmid compris- 
ing the recombinase recognition sequences. 

Preferably, the minicircles are isolated by using the mini- 
circle identification sequence. This allows an optimisation of 
the method and increases the yield of minicircle production. 
Here, again the above definitions and preferred embodiments ap- 
ply. 

Advantageously, the minicircles are isolated by immobiliza- 
tion to a solid support, preferably a chromatography column. 
Thereby, not only a high yield of minicircle production is 
achieved but also the method can be carried out without addi- 
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tional high-tech means and can be carried out in any laboratory 
The sample with the recombinase reaction product is simply added 
to the solid support, e.g. the chromatography column, preferably 
washed after which the minicircle may be eluted as already de- 
scribed above. 

Alternatively, the protein recognizing the minicircle iden- 
- fication sequence may also be expressed in the bacteria and ' 
anchored in the bacterial membrane so as to be capable of bind- 
ing to the minicircles. 

Still preferred the recombinase is expressed upon induction 
of the regulatory element, preferably by adding arabinose to the 
culture medium. As already mentioned above this allows produc- 
tion of the original plasmid in a first step and only once a 
sufficient amount of original plasmid has been produced the ex- 
pression of the recombinase is induced by activating the regu- 
latory element for example by adding arabinose to the culture 
medium so that only at this moment the original plasmid is sep- 
arated into miniplasmid and minicircle. 

The invention is further described in more detail with the 
following examples and figures to which the invention is however 
not limited whereby Pig. 1 shows a precursor of the plasmids 
used m the present invention; Fig. 2 shows a schematic repres- 
entation of a designed plasmid; Fig. 3 shows the growth curve of 
two clones of E.coli; Fig. 4 shows a gel with the bands of su- 
percolled forms of minicircle and miniplasmid; Fig. 5 and 6 show 
schematic representations of plasmid constructions; Pig. 7 shows 
a gel electrophoresis of ParA resolvase; Fig. 8 and 9 show gel 
electrophoresis of minicircles and miniplasmids . 

Example 1 

Plasmids, bacterial strains and growth conditions 

Plasmids pBADparA (Jechlinger, W. Ph.D. Thesis, University 
of Vienna (2002), pKLys36.1 (Haidinger, w. 2001. PhD. University 
of Vienna), pKLysparAS (see Fig. 1), pSIPIres (Jechlinger, w. , 
Ph.D. Thesis University of Vienna (2002)), puci9 (Yanisch-Per- 
ron, c. et al. 1985. Improved M13 phage cloning vectors and host 
strains: nucleotide sequences of the M13mpl8 and pUC19 vectors 
Gene. 33:103-19), pJMSll (Panke, S. et al.. Engineering of 
quasi-natural Pseudomonas putida strains for toluene metabolism 
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through an ortho-cleavage degradation pathway. Appl Environ Mi- 
crobiol, 1998.64(2) :748-51), pBAD24 (Guzman, L.M. et al.. Tight 
regulation, modulation, and high-level expression by vectors 
containing the arabinose PBAD promoter. J Bacterial, 1995. 
177(14): 4121-30), pSIP (Mayrhofer, P. Ph.D. Thesis University 
of Vienna (2002)) and E. coli strain MC4100 (Silhavy, T.J., Ber- 
man et al. 1984. Experiments with Gene Fusions. Cold Spring Har- 
bor liaboratory Press, New York) were used. 

Bacteria were grown in Luria broth (LB) and supplemented 
with ampicillin (200ug/ml), and kanamycin (50ug/ml) if appropri- 
ate. For gene expression driven by the PBAD promoter the medium 
was supplemented with 0.5% L-arabinose. Expression of the lysis 
gene E from vector pKLys3 6.1 was induced by a temperature shift 
from 360 to 42oc. Growth and lysis of bacteria was monitored by 
measurement of the optical density at 600 nm (OD600nm) . 

The PGR conditions for generating PGR fragments were as fol- 
lows: Thirty-five cycles of amplification (45 s at 94°C, 60 s at 
60<>C and 1 min - 7 min at 72«>C) were performed after 3 min of a 
predenaturation step at 94 ^C in a lOOm reaction mixture (1 x 
Pfu polymerase buffer containing 2 mM Mg 2+ , 2 U of Pfu poly- 
merase, 200UM caNTP each, 25pM of each primer and 0.2]ig of plas- 
mid DNA as template) . The extension time (72«>C) differed for 
each construct and is described separately in the following: 

Construction of plasmid pSIPX 

TO place the resolution sites at the desired positions in 
the SIP vector it was necessary to introduce suitable restric- 
tion sites in plasmid pSIP to enable directional cloning of the 
resolution sites. Plasmid pSIP was linearized with Hindlll and 
subsequently digested with Nael. The resulting 2995 bp Hindlll / 
Nael fragment was eluted from an agarose gel. This fragment con- 
tains the regulatory elements of the araBAD operon and the es- 
sential elements for self immobilization. A 3131 bp-DNA fragment 
containing the p-lactamase gene and origins of replication of 
M13 and of PBR322 was generated by PCR-amplif ication (extension 
time: 7 min) using the primers pSIPIS (5 '-CAGCAGAAGCTTGTTTTG- 
GCGG- ATGAGAGAAG-3') and pSIPI3 ( 5 ' - AGATCTCTGCTGGCGGCCGCGGTTGCT- 
GGC- GCCTATATC-3') and the vector pSIP as template. Primer 
pSIPiS contains a single Hindlii site, pSlPl3 contains a Bglii 
and a NotI restriction site. After digestion of the PCR-fragment 
with Hindlll it was ligated with the 2995bp fragment described 



Oa/OS/2003 



P o S Noo '^ct^ o 
Si " o o o o eee 
oo . rco f%cf> ct- o CO 



- 17 - 



above via their blunt site obtained by the Pfu polymerase and 
the corresponding Hindlll site, respectively, resulting in the 
vector pSIPI. Due to the cloning strategy following restriction" 
sites were introduced: Sacll, NotI, Bglli, Ball. 
Construction of plasmid psxpires 

The resolution sites were generated by PGR amplification 
(extension time: 1 min) using- the vector pJMSlI as template and 
the following primer sets: resolution site 1: 5resl: 5'- 
CAGCAGCTGCAGCCTTGGTCAAA-TTGGGTATACC- 3'; 3resl : 5 ' -CTGCTGAAGCT- 
TGCACATATGTGGGCGTGAG-3'; resolution site 2: 5res2 : 5 ' -CAGCAGGCG- 
GCCGCCCTTGGTCAAATTGGGTATACC-3 ' 3res2 : 5'- 

CTGCTGAGATCTGCACATATGTGG GCGTGAG-3 ' . The PCR-f ragment encoding 
the resolution site 2 contained a unique Notlsite at the 5 'end 
and a Bglii site at the 3 'end and was cloned into the corres- 
ponding single sites of pSIPl resulting in the vector pSIPIres2. 
The resolution site 1 fragment containing a single PstI site at 
the 5 'end and Hindlll site at the 3 'end, respectively, was then 
cloned into the corresponding single sites of pSIPIres2 result- 
ing in the vector pSIPIres. 

Construction of plasmid pSIPlresHCN 

The PBR322 origin of replication in the vector pSIPIres was 
replaced by the high copy number origin of replication from 
plasmid PUC19. Therefore the pUC19 origin sequence was amplified 
by PGR (extension time: 2 min) from pUC19 using primers 5ori 
(5'-GAGGAGGGGGGCTGAGGAAAAGGCGAGCA-3') and 3ori (5 '-TGCTGCGCGGC- 
CGCTAGAAAAGATGAAAGGATCTTGTTGAG- 3 ' ) . The 5ori primer contains a 
single Nael site and the 3ori primer a single Noti site. After 
digestion of the PGR-fragment with Nael and Eagi it was cloned 
into the corresponding sites of a 4828bp Nael /EagI- fragment de- 
rived from vector pSIPIres via partial digestion with Nael and 
Eagi, resulting in the vector pSIPIresHCN (HCN: HighCopyNumber) . 

Construction of plasmid pKLysBADparA 

A 1920 bp DNA fragment encoding the parA gene under expres- 
sion control of the arabinose operon was amplified using plasmid 
pBADparA as template and the primers BADKLysfw (5'- ATTCCGACTA- 
GTCAAGCCGTCAATTGTCTG 3 ' ) and BADKlysrev (5'- AGCCCTAG- 
ATCTTTATTTTTGCTGCTGCGC 3') containing terminal Spel and Bglii 
sites, respectively (extension time: 4 min). The DNA fragment 
was cloned into the two corresponding sites of the broad host 
range and low copy plasmid pKLysparAS derived from pKLys36. In 
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this construct (pKLysBADparA) the E-specific lysis cassette of 
plasmid pKLys36 is flanked by the parA resolvase gene, which is 
Tinder transcriptional control of the arabinose inducible PBAD 
promoter (Fig. 2) . 

Example 2 (Comparative Exanqple) 

Production of minlcircles €uid miaiplasmids with a resolvase on a 
separate plasmid 

Plasmids pSIPresHCN and pKLysBADparA were cotrans formed in 
E. coli MC4100 (see Fig. 2) . The low copy number plasmid pKLys- 
BADparA carries a temperature inducible gene E-specific lysis 
cassette and the parA resolvase gene under expression control of 
the arabinose operon. After induction of the resolvase (step 
"A" ) it binds to the corresponding resolution sites of plasmid 
pSIPresHCN, a high copy number plasmid where the resolution 
sites are flanking the antibiotic resistance gene and the origin 
of replication (OR). The recombination event (step "B") leads to 
a partitioning of the original plasmid into a small replicative 
miniplasmid (mp) and the minicircle (mc) molecule. 

The high copy number plasmid pSIPresHCN carries the lacIL'- 
fusion gene under the transcriptional control of the arabinose 
operon and the resolution sites flanking the antibiotic resist- 
ance gene and the origin of replication. Bacteria were grown at 
Se^C and parA esqjression driven from plasmid pKLysBADparA and 
the expression of the lacIL' fusion protein driven from plasmid 
pSIPresHCaj, respectively, was induced by addition of 0.5 % L-ar- 
abinose (Fig. 3). 25 min after addition of expression of the 
parA resolvase gene bacterial cultures were shifted from 36°C to 
42 oc to induce gene E expression and thus lysis of the cells 
(Fig. 3) . One and two hours after res,olvase induction (35 and 95 
minutes after lysis induction, respectively) samples were taken 
from the lysed cultures and plasmids were isolated. • 

To analyse the recombination efficiency aliquots of the DNA 
precipitations were separated on a 1 % agarose gel (Fig. 4) : X, X 
BstEII marker; lane A, overnight culture without arabinose. As 
the plasmid pKLysBADparA is a low copy number plasmid the super- 
coiled form is hardly visible compared to pSIPresHCN; lane b, 
before addition of arabinose; lane C and D, 60 and 120 minutes, 
respectively, after expression of the ParA resolvase. The bands 
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of the supercoiled forms of minicircle and miniplasmid as well 
as the original pSIPresHCN plasmid are indicated with arrows. It 
can be seen from Fig. 4 that the supercoiled ("sc") recombined 
miniplasmid ("mp") and minicircle ("mc") as well as the unrecom- 
bined fotius of the original plasmid pSIPresHCN can be detected 
one and two hours after resolvase induction. It was estimated 
that, about 50% -of the original high copy number self -immobilized 
pSIPresHCN plasmids were subjected to recombination with the 
parA resolvase gene expressed from the low copy plasmid pKLys- 
BADpar A . 

As the recombinase was produced from a low copy number plas- 
mid with about 10 copies per cell, the amo\mt of resolvase 
seemed to be not sufficient to achieve an efficient recombina- ^ 
tion of the high copy number plasmid pSIPresHCN (about 500 cop- ^ 
ies per cell) containing the corresponding resolution sites. The 
results were similar to those of Darquet et al . 1997 and Darcjpiet 
et al. 1999 where a recombinase (the phage lambda integrase) was 
integrated into the chromosome of E. coli as single copy gene. 
Darquet and his coworkers could recombine about 60% of original 
plasmids carrying the corresponding lambda attachment sites 
flanking a therapeutic gene after induction of the single copy 
integrase gene from the chromosome. Thus the further aim was to 
place the parA resolvase gene onto the same high copy number 
plasmid, which also encodes the resolution sites (pSIPresHCN) to 
overexpress the resolvase and to achieve recombination effi- 
ciency close to 100%. m 

Exaxnple 3 

Minicircle DNA immobilized in Escherichia coli ghosts 

Construction of plasmid pHCNparA and pBADparA 

A 672 -bp PCR fragment containing the parA resolvase gene was 
generated by PCR-amplif ication (extension time: 2 min) . Plasmid 
pJMSBS was used as template and primers BADparAfw (5'-ATAGAAC- 
CATGGCGACGCGAGAGCAACAAC 3 ' ) and BADparArev (5 ' -AGCCCTCTGCAGT- 
TATTTTTGCTGCTGCGC 3') to introduce Ncol and PstI restriction 
sites, respectively. The PCR fragment was cloned into the cor- 
responding sites of plasmid pSIPresHCN, resulting in plasmid 
pHCNparA (Pig. 5) and into pBi?^24 resulting in pBADparA. 
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Construction of plasmid pSIPHCNlparA 

Using plasmid pBAD24parA as template a 67 2 -bp PGR fragment, 
which codes for the parA resolvase and the ribosomal binding 
site derived from pBAD24, was obtained by PCR-amplif ication 
(extension time: 2 min) . Oligonucleotides HCNparAfw (5'-AC- 
CGAACTGCAGCTACACCATACCCGTTTTTTT-GGGC 3') and HCNparArev (5'- 
AGCCCTCTGCAGAAGCTTTTATTTTTGCTGCTG-C^ 3') containing PstI and 
Pstl/Hindlll as terminal restriction site were used as primers • 
The fragment was digested with PstI and cloned into the corres- 
ponding sites of plasmid pSIPresHCN, resulting in plasmid pSIPH- 
CNparA (Fig. 6) . 

DNA precipitation from culture supernatant 

DNA from the culture supernatant was precipitated with CTAB 
(cetyltrimethyl -ammonium bromide), modified after Del Sal. 30 ml 
supernatant of a lysed culture were collected and centrifuged 15 
min (15000 rpm, 4^C) . After centrifugation the supernatant was 
passed through a 0.2 urn sterile filter and precipitated with 2.5 
ml 5 % CTAB solution in water. After addition of CTAB the DNA 
was precipitated by centrifugation for 15 min (10000 rpm , 4^0 . 
The supernatant was discarded and the pellet was resolved in 400 
Ul 1.2 M NaCl solution- The DNA was precipitated again with 2.5 
volumes of 96 % EtOH (10 min, 13000 rpm, room temperature, 
minicentrifuge) and the pellet was washed with 1 ml 70 % EtOH. 
After air-drying, the DNA-pellet was subjected to further puri- 
fication with the Gel Extraction kit from QIAGEN (according to 
the instructions of the manufacturer) to remove the bulk of 
chromosomal DNA. 

SDS-PAGE and Western Blotting 

Samples (pellets of 1 ml of cultures, resuspended in sample 
buffer [100 x OD600nm in were heated to 95 ^C for 5 min. in 

sample buffer and separated on a 12 % SDS -po ly aery 1 amid (PAA) 
gel (lOul of each sample) . Proteins were transferred to nitro- 
cellulose membranes by semidry-electro-blotting. Proteins were 
detected with a rabbit polyclonal antiserum to the ParA 
resolvase protein. Membranes were incubated with primery anti- 
bodies (Anti-ParA serum, diluted 1:100 in TBS containing 0.5 % 
BSA [bovine seriam albumen], 0.05% NaN3) and secondary antibodies 
(goat anti-rabbit Alkaline-Phosphatase conjugated antibodies 
from Sigma diluted 1:5000) for 1 h at room temperature. To stain 
the antigen-antibody complex, BCIP (5-bromo-4-chloro-3-inodolyl 
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phosphate) and 3SFTB (nitroblue tetrazolium) from Roche (Roche 
Diagnostics GmbH, Vienna, Austria) in alkaline phosphatase buf- 
fer were used as recommended by the manufacturer. To minimize 
unspecific binding of the antibodies polyclonal antiserum to the 
Par A resolvase was incubated with acetone powder derived from 
the E. coli strain MC4100. 

E2cpression .o£. the ParA resolvase 

To determine if the arabinose operon of plasmid pBAD24 may 
be used for the expression of high levels of resolvase and vice 
versa for tight repression before induction, .the parA resolvase 
gene was placed under transcriptional control of the araB pro- 
moter of the araBAD operon in plasmid pBADparA. Expression of 
the parA resolvase gene was induced during logarithmical growth 
of E. coli MC4100 (pBADparA) with L-arabinose, Western Blot ana- 
lysis using ParA specific polyclonal antibodies revealed strong 
immunoreactive bands at the expected size of 24 kD after 60, 120 
and 180 min of induction of parA gene expression (Fig. 7) . For 
this, samples were analyzed using a 12% SDS polyacirylamid gel 
and immunoblotting with a ParA-specif ic antiserum, lane BHR, 
broad host range proteinmarker ; lanes A - D, E. coli 1SM522 
(pBADparA) grown with and without arabinose, respectively; lanes 
E - G, E. coli NM522 (pJMSBS) grown with and without IPTG, re- 
spectively. Before induction no specific immunoreactive protein 
band could be detected. For a positive control E. coli MC4100 
(pJMSBS) were grown logarithmically and by addition of IPTG ex- 
pression of the parA resolvase expression was induced. Protein 
bands specific for the ParA resolvase could be determined 60 and 
120 min after induction ("it" = induction time) but also prior 
to the induction a backgroxind expression of the recombinase 
could be observed. 

In vivo mlnlclrcle production in E« coli HC4100 (pHCKtparA) 

As the arabinose expression system seemed to be suitable for 
high level expression and tight repression of the parA resolvase 
gene in plasmid pBADparA, the recombination efficency was evalu- 
ated with plasmid pHCNparA. In plasmid pHCNparA the resolvase 
was placed under the expression control of the araB promoter. 
Furthermore, the origin of replication and the ampicillin res- 
istance gene are flanked by the resolution sites on the same 
plasmid (Fig. 5) . Plasmids pHCNparA, pSIPHCNparA and the 
products of the recombination driven by the parA resolvase (step 
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"A"). HOtoc, minicircle derived from origin plasmid pHCNparA; 
SIPHCMmc, minicircle derived from origin plasmid pSIPHCNparA; 
bla, ampicillin resistance gene; ori, origin of replication de- 
rived from PUC19; parA, parA resolvase gene; lacI-L', fusion 
gene of laci repressor gene with bacteriophage MS2 L' anchor se- 
quence; PBAD, arabinose-inducible promoter; araC, 
repressor/inducer of the PBAD promoter; lacOs, altered lac oper- 
ator sequences with high affinity to the Lad repressor protein; 
resl, res2, resolution sites, sequences recognized by the ParA 
resolvase; rmB, transcriptional terminators of the 5S ribosomal 
gene. After induction of the parA resolvase gene a complete sep- 
aration based on recombination of the original plasmid into a 
minicircle ("mc")and a miniplasmid ("mp") could be observed by 
plasmid analysis 30 minutes after induction of the resolvase 
(Pig. 8A) : X, X BstEIl marker; lane A, before addition of arabin- 
ose; lane B, 30min after induction of the parA resolvase. The 
double bands of the relaxed and supercoiled forms of minicircle 
and miniplasmid are indicated with arrows; lane C, 30 minutes 
after expression of the ParA resolvase digested with Ncol. The 
minicircle was linearized ("L") and the miniplasmid remained un- 
digested, lane D, 30 minutes after expression of the ParA 
resolvase digested with Hindlll. The miniplasmid was linearized 
and the minicircle remained undigested. Fig. 8B: DNA prepara- 
tions of E. coli MC4100 (PSIPHCNparA), whereby X. X BstEli mark- 
er; lane A, before addition of arabinose; lane B, SOminutes 
after expression of the ParA resolvase. The double bands of the 
relaxed and supercoiled forms of minicircle and miniplasmid are 
indicated with arrows; lane C, 30 minutes after expression of 
the ParA resolvase digested with Hindlll. The minicircle and the 
miniplasmid were linearized. 

Before induction no recombination events could be detected 
(Fig. 8A) . in Fig. 8A the relaxed and supercoiled forms of the 
circular miniplasmid and minicircle are shown 30 minutes after 
induction of the parA resolvase gene, whereas no original plas- 
mid was detected. Restriction analysis of the miniplasmid and 
minicircle revealed the expected sizes of the linearized forms 
(Fig. 8A) . 

m vivo SlP-mlnlclrcle production In E. coli MC4100 
(pSXPHCNlparA) 

After evaluating the recombination efficiency with plasmid 
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pHCNparA the parA resolvase together with the lacI-L' hybrid 
gene was brought lander expression control of the araB promoter 
as polycistron in plasmid pSIPHCNparA, which also contains the • 
origin of replication and the ampicillin resistance gene flanked 
by the resolution sites (Fig. 5) . By inducing the gene expres- 
sioU/ the lacl-lj' hybrid gene as well as the recombinase gene 
should be expressed simultaneously After induction of the pro- 
duction of membrane-anchored Lad and the resolvase with L-ara- 
binose in growing cultures of E. coli lsIM522 (pSIPHCNparA) a 
complete recombination of the original plasmid into a miniplas- , 
mid and minicircle could be detected 30 minutes after induction 
of the resolvase (Fig. 8B) • The double bands of the relaxed and 
supercoiled forms of minicircle and miniplasmid are indicated g 
with arrows in Fig. 8B. As in pSIPHCNparA the resl sequence is " 
flanked by Hindlll sites (Fig. 5) , the minicircle as well as the • 
miniplasmid were linearized when digested with Hindi II . The lin- 
earized miniplasmid and minicircle showed the expected sizes 
(Fig. 8B) . 

Self iiranobilization of minicircle DNA in bacterial ghosts 
A system with two compatible vectors is used for the in vivo 
immobilization of the minicircle DNA. One vector, the starting 
plasmid, codes for elements for the production of the minicircle 
DNA as well as for the necessary components for the anchorage of 
the elements in the bacterial cytoplasmatic membrane. The de- 
sired sequences for the gene therapy or for vaccination may be 
cloned into this vector. The second vector codes for the se- 
quence necessary for bacterial lysis (protein E as well as cor- 
responding regulatory components) , To separate the process of 
plasmid immobilization and the protein E mediating lysis, both 
vectors must be inducible independently. 

The starting plasmid for this process (pSIPHCNparA) illus- 
trated in Fig. 5 comprises an additional component (Iiacl-L»') for 
the immobilization of the minicircle DNA (compare Fig.6A). Addi- 
tionally, the plasmid codes for the repressor of the Lactose Op- 
eron (Lad), to which on the 3 'site the the last 56 C-terminal 
amino acids of the lysis protein L (L') of the bacteriophage MS2 
was cloned. This fusion protein (Lacl-L') is also kept under 
control of of the promoter of the Arsibinose Operon (Pbad) . By in- 
duction of the Pbad promoter with L-Arabinose a bicistrionic 
mRNA is produced, coding for ParA resolvase as well as for LacI- 
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L- fusion protein. As described above, the expressed ParA 
resolvase splits the starting plasmid into lainiplasmid and mini- 
circle. The Lacl-L- fusion protein binds to the minicircle DNA 
The tandem repeat of the lacOs sequence serves as binding site 
for Lacl-L- . Due to the fusion with the hydrophobic peptide L' 
the repressor and therefore the bound plasmid is directly 
anchored in the bacterial membrane (compare Fig. 6A) . 

The lysis p laqmid codes for gene E of the bacteriophage 
<|)X174 (conipare Fig. 6A - pKLys36) . The gene product, protein E, 
IS a hydrophobic polypeptide with 91 amino acids and a molecular 
weight of about 10 kD (Barrell et al . ; Nature 264 (1976), 34- 
41) . By expression of a plasmid coded protein E a channel struc- 
ture with 40 to 200 nm diameter ist formed in the membrane of 
the plasmid producing, bacteria (E. coli) . The E-lysis channel is 
characterized by a narrow opening in the membrane complex of E 
coll. The formation of the channel is associated with a fusion 
of the inner and outer membrane (Witte et al . , J. Bacterid 172 
(1990)m 4109-4117) . Impelled by the osmotic pressure in the cell 
inside cytoplasmatic components are expelled into the culturing 
medium with the protein E mediating lysis, witte und Lubitz 
(Eur.j.Biochem, 180 (1989), 383-398) were able to show that 20 
minutes after induction of the protein E expression about 90% of 
the cytoplasmatic protein p-galactosidase in the culturing super- 
natant were present. Additionally, chromosomal DNA, fractionized 
due to the shear stress acting during lysis into fragments of 30 
to 40 kbp, supercoiled plasmid DNA as well as tRNA and rRNA 
could also be proven in the culturing supernatant. Empty bac- 
terium envelopes produced by protein E mediating lysis are 
called ghosts. Plasmids having been immobilized before the in- 
duction of the lysis in the cytoplasmatic membrane of the host 
bacterium are not expelled into the culturing medium during the 
lysis process, because they are anchored to the cytoplasmatic 
membrane of the bacterium ghosts (compare Fig. 5 (Mayrhofer 
(2002) and Jechlinger (2002) Ph.D. Theses, see above). The de- 
scribed principle of separation into a miniplasmid and a mini- 
circle also persists in this process . The basic difference lies 
xn that the minicircle with this further development of the pro- 
cess IS in vivo immobilized in the bacterial cytoplasmatic mem- 
brane. The benefit of immobilization lies in the fact that the 
bacteria cells producing plasmid may be lysed by formation of a 
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transmembranal channel structure. During this lysis process the 
most part of the cytoplasmatic components are expelled into the 
culturing medium, while the DNA minicircle remains anchored to • 
the host cell. Thereby a preliminary purification, i.e. a separ- 
ation of the miniplasmid DNA as well as undesirable nucleic 
acids of the host cell, is achieved. The DNA minicircles 
anchored to the bacteria ghosts, may be. dissected by standard 
processes and be isolated subsequently. 

To produce bacterial ghosts in combination with the self im 
mobilization of the minicircle, according to the present exaitiple 
bacteria were cotransf ormed with pSIPHCI^arA and pKLys36, a lys- 
is plasmid carrying an E-specific lysis cassette where gene E is 
under expression control of the - Wt«r promoter and the temperat- 
ure-sensitive CI857 repressor (Fig. 6A) : The E. coli NM522 cells 
are cotransformed with the self immobilization plasmid 
(pSIPHCl^arA) and a compatible lysis plasmid (pKLys36.1). Fig. 
6B: The ParA resolvase and the Lad -L 'membrane anchor are ex- 
pressed and the resolvase excises the origin of replication and 
the antibiotic resistance gene bf the origin plasmid resulting 
in a replicative miniplasmid and the minicircle. The Lacl-I.' fu- 
sion protein integrates in the inner menO^rane and the mini- 
circles bind to the Laci protein via the lac operator sites. C: 
Lysis is induced by gene E expression and the cytoplasmatic ma- 
terial together with non immobilized plasmids is released 
through the transmembrane tunnel structure resulting in bacteri- 
al ghosts carrying DNA minicircles in the inner membrane. 

Ten min after the induction of the expression of the lacI-L' 
hybrid gene and the parA resolvase gene (Pig. 6B) (step "A"), 
the E-lysis was induced by shifting the temperature from 36oc to 
42^0 (Pig. 6C) (step "B"). A control was grown at Be^C without 
inducing lysis by temperature upshift. DNA was precipitated from 
the supernatants and the pellets to investigate whether the 
miniplasmid leaves the cell through the lysis hole whereas the 
minicircle is retained in the bacterial ghosts due to interac- 
tion between the lac operator sequences and the Lad protein 
anchored to the inner membrane, in Pig. 9 it is shown that 10 
and 30 min after induction of lysis both DNA molecules, the 
miniplasmid and the minicircle, could be detected in the super- 
natant and the pellets in different amounts: 

Fig. 9A: Preparation of DNA from pellets and supernatants of 
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E. coli MC4100 (pSIPHCNparA, pKLys36,l): 10 min (lanes A and B) 
and 30 min (lanes D and E) after induction of E-mediated lysis 
(20 and 40 min after addition of L-arabinose, respectively) . As 
control E. coli MC4100 (pSIPHClSft)arA, pKLys36.1) was grown at 
3 6^C and 20 (lane C) and 40 minutes (lane F) after addition of 
L-arabinose DNA preparations were analyzed. X, X BstEII marker. 
Mainly the smaller miniplasmid could be detected in the super- 
natants; mainly the minicircles could be detected in the pel- 
lets. Whereas 20 min after induction of the resolvase both DNA 
molecules could be detected at equal amoiints, the amount of the 
replicative miniplasmid was increasing 40 min after resolvase 
induction. Fig. 9B: Inversely proportional amoiint of miniplasmid 
and minicircle in the supernatant and pellets of lysates of E. 
coli MC4100 (pSIPHCNparA, pKLys36.1) 30 min after induction of 
E-mediated lysis digested with Seal and BamHI. X, X BstEII mark- 
er; lane A, aliqout of DNA preparation of the supernatant diges- 
ted with Seal and BamHI, both DNA molecules are linearized, 
mainly the smaller miniplasmid could be detected in the super- 
natant; lane B, aliqout of DNA minipreparation of pellets diges- 
ted with Seal and BamHI, mainly the minicircle could be detected 
in the pellets. 

In the preparation of the supernatant the replicative mini- 
plasmid was found in large amounts, whereas in the pellets, the 
bacterial ghosts, mostly the immobilized minicircle was detec- 
ted. The at each case other DNA molecule could only be detected 
as a faint band. These results indicated that most of the mini- 
circle was retained in the bacterial ghosts during the lysis 
procedure and could be found in the pellets of the lysate, 
whereas the majority of the miniplasmids was expelled through 
the lysis pores and could be detected in the supernatant. This 
inversely proportional amoxint of miniplasmid and minicircle in 
the supernatant and pellets was confirmed when both preparations 
were cut with restriction enzymes Seal and BamHI to linearize 
the DNA molecules (Fig. 9B) . As expected the pellet DNA prepara- 
tions of the control which was further grown at 3 6^C revealed 
that the amount of miniplasmid in the cells was increasing com- 
pared to the minicircles as the miniplasmid was able to replic- 
ate in contrast to the minicircle (Fig. 9 A) . As the control 
eulture was not shifted to 42^0 and therefore no E-specific 
pores were produced in the bacteria the miniplasmids could not 
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leave the growing cells. 
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Claims : 

1. A plasmid contprising the following fxxnctional units: 
a prokaryotic origin of replication, 

a marker sequence, 

a gene coding for a sequence specific recombinase, 
two specific recombinase recognition sequences and 
a multiple cloning site, 
whereby the units are arranged on the plasmid in such a way that 
the plasmid is divided into a miniplasmid and a minicircle upon 
expression of the sequence specific recombinase, said miniplas- 
mid comprising the prokaryotic origin of replication, the marker 
sequence and the gene for the sequence specific recombinase euid 
said minicircle comprising the multiple cloning site. 

2. The plasmid according to claim 1, characterized in that a 
gene coding for a specific protein, preferably a therapeutically 
useful protein, is inserted into the multiple cloning site. 

3. The plasmid according to claim 1 or 2, characterized in that 
it further comprises a minicircle identification sequence for 
the identification and isolation of the minicircle. 

4. The plasmid according to any one of claims 1 to 3, charac- 
terized in that it further comprises a miniplasmid identifica- 
tion sequence for the identification, isolation and removal of 
the miniplasmid. 

5. The plasmid according to claim 3 or 4, characterized in that 
the identification sequence is a sequence which is able to spe- 
cifically bind to a protein in order to form a stable DNA-pro- 
tein complex. 

6. The plasmid according to claim 5, characterized in that the 
identification sequence is a lac operator site which specific- 
ally binds to a Lad repressor protein. 

7. The plasmid according to claim 5 or 5, characterized in 
that it further comprises a gene coding for the protein which 
forms the DNA-protein complex, preferably a gene coding for the 
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Lad repressor protein. 
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8. The plasmid according to any one of claims 5 to 7, charac- 
terized in that the plasmid comprises a sequence coding for a 
hydrophobic membrane anchoring peptide. 

9... . The plasmid according to any one of claims 1 to 8, charac- \ 
terized in that the sequence specific recombinase is selected ; 
from the group consisting of bacteriophage lambda Int integrase, 
Cre recombinase of bacteriophage PI cind the ParA" resolvase. 

10. The plasmid according to any one of claims 1 to 9, charac- 
terized in that the specific recombinase recognition sequences 
are selected from the group consisting of lambda attachment i 
sites (att sites) and resolution sites (res sites) from Multimer 
Resolution Systems, 

11. The plasmid according to any one of claims 1 to 10, charac- 
terized in that it further comprises a regulatory element for 
the expression of the recombinase. 



12. The plasmid according to claim 11, characterized in that the 
regulatory element for the recombinase comprises a strong pro- 
moter. 



13. The plasmid according to claim 12, characterized in that th 
regulatory element is a transcriptional control system of an ar- 
aB promoter of an araBAD operon. 

14. The plasmid according to any one of claims 1 to 13, charac- 
terized in that the marker gene is an antibiotic resistance 
gene. 



15. The plasmid according to any one of claims 1 to 14, charac- 
terized in that the prokaryotic origin of replication is a high 
copy number origin of replication, preferably from plasmid 
PUC19 . 

16. The plasmid according to any one of claims 1 to 15, charac- 
terized in that it comprises an origin of replication on the 
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minicircle. 

17. A kit for the production of a therapeutically useful DNA mo-r 
lecule, characterized in that it comprises 

the plasmid according to any one of claims 5 to 15 and 
a protein which is able to bind to the identification se- 
quence of the plasmid in order to form a stable DNA-protein com- 
plex, whereby the protein is optionally iitimobilized to a solid 
support . 

18. The kit according to claim 17, characterized in that the 
protein is a LacI repressor protein, preferably a mutant Lad 
repressor protein. 

19. The kit according to claim 17 or 18, characterized in that 
the protein is fused to a tag for the immobilization to a solid 
support . 

20. The kit according to claim 17 or 18, characterized in that 
the protein is fused to a hydrophobic, membrane anchoring pep- 
tide. 

21. The kit according to claim 20, characterized in that it com- 
prises a plasmid with an inducible lysis gene and a culture of 
recombinant bacteria transfected with said plasmid, respect- 
ively . 

22. The kit according to claim 21, characterized in that the 
lysis gene is the lysis gene E of bacteriophage PhiXl74. 

23. The kit according to any one of claims 16 to 22, character- 
ized in that it comprises a culture of bacteria specific for the 
expression and function of the recombinase. 

24. The kit according to any one of claims 16 to 23, character- 
ized in that it further comprises arabinose. 

25. A minicircle comprising 

a multiple cloning site and 

a gene coding for a therapeutically useful protein inserted 
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into the multiple cloning site, 

whereby the minicircle is attached to a bacterial ghost over a 
hydrophobic membrane anchoring peptide. 

26. A pharmaceutical composition comprising the minicircle ac- 
cording to claim 25 and a pharmaceutical ly acceptable carrier. 



27. A method for the production of a therapeutically useful DNA 
molecule, characterized in that it comprises the following steps 

trans fecting the plasmid according to any one of claims 2 to 
15 into bacteria which are able to replicate the plasmid, 

culturing the bacteria during which the recombinase is ex- 
pressed so that miniplasmids and minicircles are produced and 

isolating the minicircles . 

28. The method according to claim 27, characterized in that the 
minicircles are isolated by using the minicircle identification 
sequence. 

29. The method according to claim 27 or 28, characterized in 
that the minicircles are isolated by immobilization to a solid 
support, preferably a chromatography column. 

30. The method according to any one of claims 27 to 29, charac- 
terized in that the recombinase is expressed upon induction of 
the regulatory element, preferably by adding arabinose to the 
culture medium. 

31. The method according to any one of claims 27 to 28, charac- 
terized in that the protein recognizing the mincircle identifca- 
tion sequence is also expressed in the bacteria and anchored in 
the bacterial membrane so as to be capable of binding to the 
minicircles . 
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Abstract 

A plasmid is provided comprising the following fxinctional imits 
a prokaryotic origin of replication, 
a marker sequence, 

a gene coding for a sequence specific recombinase, 
two specific recombinase recognition sequences and 
a multiple cloning site, 
whereby the units are arranged on the plasmid in such a way that 
the plasmid is divided into a miniplasmid and a minicircle upon 
expression of the sequence specific recombinase, said miniplas- 
mid comprising the prokaryotic origin of replication, the marker 
sequence and the gene for the sequence specific recombinase and 
said minicircle comprising the multiple cloning site. 



(Fig. 6c) 
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